Transfer reactions at the interface of aqueous/organic solutions and redox reactions of actinide ions, such as U, Np and Pu, were investigated electrochemically as fundamental studies for the development of separation and speciation of such ions. A method to investigate ion transfer at a liquid/liquid interface based on controlled potential electrolysis and radioactivity measurement was developed and applied to determine standard ion transfer potential and complex formation constant of facilitated actinide ions transfer with an ionophore in the organic phase. A separation method was developed on the basis of the fundamental ion transfer data. Electrode redox reactions of actinide ions were also investigated. A mediator reaction and electrocatalysis were found to be involved in the reduction processes of actinide ions. In addition, a method to control the valence of actinide ions was successfully developed.
controlled potential electrolysis at a W/O solutions interface (CPEITIES) was performed to attain ion transfer equilibrium using a bulk electrolysis cell, as illustrated in Fig. 1 ; the amount of ion transfer was determined by radioactivity measurement, and the relation between applied potential (E app ) and the distribution ratio (D) of the ion was plotted. Usually, a fairly long time is required to achieve electrolysis equilibrium at the W/O solutions interface due to the small ratio of interfacial area to the volume of two phases. To attain equilibrium more efficiently, a stirring rod was used to stir the W/O solutions interface, as shown in Fig. 1 . As a result, the time required to attain electrolysis equilibrium was successfully reduced from more than 4 h to 20 min. 
where R, T, z, and F denote the gas constant, absolute temperature, electric charge, and the 
Facilitated transfer of An ions
Several types of ligands (e.g., phosphine oxide 
Separation based on ion transfer
Based on ion transfer data, a novel separation method (i.e., electrolytic solvent extraction) was developed. In this method, the ion was selectively transferred from W to O phases utilizing the differences in ion transfer potential. By using a CPEITIES cell, described above, it was found that UO 2 2+ could be separated from Am 3+ with a separation factor of more than 10 3 when E was −0.035 V (Fig. 2 ).
1)
To improve the efficiency and speed of electrolytic solvent extraction, a flow electrolysis cell for rapid ion transfer (FECRIT) 7) was applied to the separation of An ions. The cell was composed of a porous Teflon tube, a silver wire inserted into the tube, and a platinum wire placed outside the tube. 
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Valence control will be described in a subsequent section.
It is thought that a large separation factor
achieved by the precise control of the applied potential based on ion transfer data and rapid transfer of the ions by flow electrolysis would contribute to the development of a practical separation method. 10) , the investigation of electrode redox reactions of 
Pu ion-selective electrode
Therefore, n is calculated by dividing the measured I by the product of F, c, and f.
One-electron redox currents due to Np When a platinum electrode is employed as a working electrode, the reduction overpotential of NpO 2 + is expected to decrease because of the electrocatalytic reduction, as described previously.
The author tried to add an electrocatalytic function to the column electrode. 14) Figure 10 The I-E curve for the reduction of U, Np, and
Pu at normal GC and Pt/GC is compared in Fig. 11 .
In the case of Pu, the reduction wave of PuO 2
2+
changed from a two-step wave (i. , NpO 2 + and Pu 3+ were also prepared at +0.5 V.
Conclusions
The Therefore, in future, the application of the methodology to common organic solvents will be investigated.
With regard to redox reactions of An ions, the irreversible reduction mechanisms of AnO 2 + have been clarified and a method to control valence was developed. However, the details of the irreversible oxidation process of An 4+ are unexplained as yet.
Redox reactions of An ions in non-acidic solutions are interesting and significant, because they involve hydrolysis forming a hydroxide complex, a colloid, and a precipitate.
